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Abstract

Well-differentiated hepatocellular carcinoma in non-cirrhotic liver can show morphological 

features similar to hepatocellular adenoma. In rare instances, hepatocellular carcinoma can arise in 

the setting of hepatocellular adenoma. This study compares the immunohistochemical and 

cytogenetic features of the hepatocellular adenoma-like and hepatocellular carcinoma portions of 

these tumors. Immunohistochemistry for β-catenin, glutamine synthetase, serum amyloid A 

protein, glypican-3, and heat-shock protein 70 was done in 11 cases of hepatocellular carcinoma 

arising in hepatocellular adenoma in non-cirrhotic liver. Tumors with nuclear β-catenin and/or 

diffuse glutamine synthetase were considered β-catenin activated. Fluorescence in situ 

hybridization (FISH) was done in nine cases for gains of chromosomes 1, 8 and MYC. There were 

seven men (33–75 years) and four women (29–65 years). Focal atypical morphological features 

were seen in hepatocellular adenoma-like areas in 7 (64%) cases. Hepatocellular adenoma-like 

areas showed features of inflammatory hepatocellular adenoma in 7 (64%) cases; 4 of these were 

also serum amyloid A-positive in the hepatocellular carcinoma portion. β-catenin activation, heat-

shock protein 70 positivity, and chromosomal gains on FISH were seen in the hepatocellular 

adenoma portion in 55%, 40%, and 56% of cases, and 73%, 60%, and 78% of cases in the 

hepatocellular carcinoma portion, respectively. In conclusion, the hepatocellular adenoma-like 

portion of most cases of hepatocellular carcinoma arising in hepatocellular adenoma shows 

features typically seen in hepatocellular carcinoma such as focal morphological abnormalities, β-

catenin activation, heat-shock protein 70 expression, and chromosomal gains. Hepatocellular 

adenoma-like areas in these tumors, especially in men and older women, may represent an 

extremely well-differentiated variant of hepatocellular carcinoma, whereas the morphologically 
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recognizable hepatocellular carcinoma portion represents a relatively higher grade component of 

the tumor.

Hepatocellular adenoma is benign neoplasm that occurs more frequently in women and is 

often associated with oral contraceptives. Other settings in which hepatocellular adenoma 

has been described include use of anabolic steroids, glycogen storage diseases, and hepatic 

iron overload.1 In the last few years, the incidence of hepatocellular adenoma has increased, 

presumably related to non-alcoholic fatty liver disease.2 The 2010 WHO classification 

recognizes four subtypes of hepatocellular adenoma: hepatocyte nuclear factor 1 alpha 

(HNF1α)-inactivated, β-catenin-activated, inflammatory, and unclassified.3–5

In rare instances, hepatocellular carcinoma can arise in the setting of hepatocellular 

adenoma. The reported risk in the literature ranges from 0 to 18%; the figures based on the 

three large series are between 4 and 8%.1,2,6,7 A recent study that extensively reviewed all 

reported cases in the literature estimated the risk to be 4.2%.8 In most instances, the 

hepatocellular carcinoma is diagnosed concurrently with the hepatocellular adenoma, 

whereas subsequent occurrence of hepatocellular carcinoma is less common.8 The β-catenin-

activated adenomas are more likely to be associated with concurrent or subsequent diagnosis 

of hepatocellular carcinoma.4

Well-differentiated hepatocellular carcinoma in non-cirrhotic liver can show morphological 

features similar to hepatocellular adenoma, and can be indistinguishable from hepatocellular 

adenoma in some instances. Recurrence and metastasis have been reported in such well-

differentiated tumors.9 The immunohistochemical and cytogenetic features of these well-

differentiated neoplasms more closely resemble hepatocellular carcinoma than 

hepatocellular adenoma.9,10 In view of the close morphologic resemblance of hepatocellular 

adenoma and hepatocellular carcinoma, it is possible that the hepatocellular adenoma-like 

portion of tumors designated as ‘hepatocellular carcinoma arising in adenoma’ may 

represent an extremely well-differentiated form of hepatocellular carcinoma. In the WHO 

fascicle in 1999 Drs. Ishak and Goodman opined that the adenoma portion of these tumors is 

a ‘grade 1’ hepatocellular carcinoma.11 This study explores this possibility by comparison of 

immunohistochemical and cytogenetic features of the hepatocellular adenoma-like and 

hepatocellular carcinoma portions of tumors diagnosed as hepatocellular carcinoma arising 

in adenoma.

Materials and methods

Study Population

This study comprises 11 cases of hepatocellular carcinoma, which were apparently arising in 

hepatocellular adenoma in non-cirrhotic liver. Clinical information was recorded regarding 

oral contraceptive or steroid use and risk factors for fatty liver disease. All cases had both 

tumor components at the time of diagnosis. Morphological abnormalities like fatty change 

and atypical features (small cell change, thick cell plates, pseudoacinar architecture, 

cytologic atypia, reticulin loss) were noted for both components. By definition, 

hepatocellular adenoma component in none of the cases satisfied the International Working 
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Party12,13 or World Health Organization criteria3 for the diagnosis for hepatocellular 

carcinoma and lacked features such as >3 cell thick plates, prominent cytologic atypia and 

loss of reticulin framework. None of the patients had chronic hepatitic or biliary disease, and 

there were no cases with bridging fibrosis or cirrhosis. Cases of hepatic adenomatosis, 

glycogen storage diseases, and Fanconi anemia were not included.

Immunohistochemistry

Immunohistochemistry was performed on formalin-fixed paraffin-embedded tissue. The 

details of antibodies used for β-catenin, glutamine synthetase, serum amyloid A protein, 

glypican-3, and heat-shock protein 70 are shown in Table 1.

Scoring

The staining intensity was graded 0–3 (absent, mild, moderate, strong). Glutamine 

synthetase was considered diffuse positive if moderate or strong staining was observed in 

≥50% of tumor cells. Serum amyloid A and heat-shock protein 70 were scored positive if 

moderate or strong staining was seen in ≥10% of tumor cells. Glypican-3 was considered 

positive when moderate or strong nuclear/cytoplasmic/membranous staining was seen in 

≥5% of tumor cells. Any nuclear staining with β-catenin was considered positive. Tumors 

with nuclear β-catenin and/or diffuse glutamine synthetase staining were considered β-

catenin activated.

Fluorescence in situ Hybridization (FISH)

FISH was done in nine cases for gains of chromosomes 1, 8 and c-myc. The Spectrum 

Orange-labeled probe against the centromeric region of chromosome 1 (CEP1), Spectrum 

Green-labeled probe against the centromeric region of chromosome 8 (CEP 8), and 

Spectrum Orange-labeled probe against c-myc were used (Abbott Molecular, Des Plaines, 

IL, USA). Five-micrometer paraffin sections were baked at 55–60 °C for 30 min and 

deparaffinized, followed by DNA denaturation using 0.2 N hydrochloric acid for 20 min, 

and pretreatment with 1 mol/l of sodium thiocyanate for 30 min at 80 °C. The sections were 

then treated with protease (0.5 mg/ml pepsin in 0.01 N hydrochloric acid) for 18 min at 37 

°C. The probes were hybridized to the tissue overnight at 37 °C in a moist chamber. The 

slides were washed in post-hybridization buffer (2 × standard saline citrate/0.3% NP-40) and 

counterstained with 2–6-diamidi-no-2-phenylindole. The signals were counted in at least 50 

non-overlapping tumor nuclei per case, using the Zeiss Axio Imager fluorescence 

microscope (Carl Zeiss Imaging, Thornwood, NY, USA). The images were captured using 

Zeiss AxioVision imaging software.

Eleven counts of 50 cells each (total 550 cells) were performed for number of CEP1, CEP8, 

and MYC signals in normal hepatocyte nuclei, and mean and standard deviation were 

determined (Table 2). The mean number of cells per 100 cells with three or more signals 

was also determined for CEP1, CEP8, and MYC. The normal upper limits were determined 

by using mean plus two standard deviations. Gains at CEP1, CEP8, and MYC loci were 

considered to be present if either of the following two conditions were met:
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1. The mean signal count per cell in the tumor exceeded the upper limit of normal 

(defined as mean signal count in normal cells plus 2 s.d.).

2. Tumors with number of cells with three or more signals (per 100 cells counted) 

exceeded the upper limit of normal (defined as mean plus 2 s.d. of number of 

normal cells per 100 cells with three or more signals).

Results

Clinical and Pathologic Characteristics

There were seven men (33–75 years) and four women (30–65 years). Metabolic risk factors 

were present in 6 (55%) patients (5 men, 1 woman; 2 obese, 2 diabetic, 2 both obese and 

diabetic). Two patients (both males) had history of anabolic steroids use. There were no 

discernible risk factors in the remaining three cases. The non-neoplastic liver showed 

steatosis or steatohepatitis in six cases, was normal in three cases and was not available for 

evaluation in two cases. Atypical morphological features were focally identified in 

hepatocellular adenoma-like areas in 7 (64%) cases. These included small cell change (seven 

cases), pseudoacinar architecture (two cases), cytologic atypia (two cases), and focal loss of 

reticulin (three cases).

Immunohistochemistry

Inflammatory features—Serum amyloid A positivity was observed in hepatocellular 

adenoma-like areas in 7 (64%) cases; 6 of these cases had typical histologic features of 

inflammatory hepatocellular adenoma including inflammation and prominent sinusoidal 

dilatation. Positive results with serum amyloid A were also observed in the hepatocellular 

carcinoma portion in four cases (Tables 3 and 4).

β-catenin activation—Immunohistochemical evidence of activation of β-catenin was 

seen in hepatocellular adenoma portion in 6 (55%) cases (Tables 3 and 4, Figures 1–3). 

Diffuse glutamine synthetase was seen in all six cases and was accompanied by nuclear β-

catenin staining in four cases. β-catenin activation in the hepatocellular adenoma portion 

was seen mostly in men (71% vs 25%, P=0.1) and more often in patients older than 50 years 

(67% vs 50%, P=0.4), but these associations were not statistically significant. Of the two 

women less than 50 years of age, β-catenin activation was not seen in the hepatocellular 

adenoma region.

In the hepatocellular carcinoma portion, 8 (73%) cases had β-catenin activation (diffuse 

glutamine synthetase: 8 cases, nuclear β-catenin: 6 cases). For hepatocellular adenoma-like 

areas that were β-catenin activated and heat-shock protein 70 positive, 67% and 25%, 

respectively, were in men (Tables 3 and 4).

Heat-shock protein 70 and glypican-3 staining—Positive staining with heat-shock 

protein 70 was observed in 4 (40%) cases in hepatocellular adenoma portion and in 6 (60%) 

cases in the hepatocellular carcinoma portion (Figure 3); results were not available for one 

case (Tables 3 and 4). None of the cases showed glypican-3 staining in hepatocellular 

adenoma or hepatocellular carcinoma portion.
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FISH

FISH was performed on nine cases. CEP1, CEP8, and MYC signals were separately counted 

in hepatocellular adenoma and hepatocellular carcinoma areas (Tables 2 and 3).

Hepatocellular adenoma area—Abnormal results were noted in 5 (56%) cases (Figures 

1, 2, and 4). Increased CEP1, CEP8, and MYC signals were seen in one case in the HCA 

area, whereas three cases had gain of CEP1 only and one case showed gain of MYC only. 

The chromosomal changes were seen mostly in males (four men and one woman), but there 

was no statistically significant association with age, gender, clinical risk factors, or histology 

of non-neoplastic liver. Of these 5 cases those who harbored cytogenetic abnormalities, 3 

(60%) showed β-catenin activation, but this association was not statistically significant.

Hepatocellular carcinoma area—Abnormal results were noted in 7 (78%) cases. 

Increased CEP1, CEP8, and MYC signals were seen in six cases in the hepatocellular 

carcinoma area, whereas one case had gain of CEP1 only.

Discussion

Hepatocellular carcinoma arising in the setting of hepatocellular adenoma is a rare 

phenomenon and has been reported in 4–8% of cases.1,2,6–8 Both tumors occur concurrently 

in most reported cases, it has been assumed that this represents malignant transformation of 

an adenoma.14–20 Some reports have mentioned hepatocellular carcinoma arising in 

adenomas in the setting of underlying diseases like hepatitis B; it is likely that the adenoma 

part was a high-grade dysplastic nodule or well-differentiated hepatocellular carcinoma.21 

Similarly, progression to hepatocellular carcinoma described in an adenoma where the latter 

diagnosis was based on a needle biopsy may have been an hepatocellular carcinoma at initial 

presentation that could not be diagnosed based on the biopsy specimen.22 In others, an 

adenoma with a subsequent recurrence as hepatocellular carcinoma at the same site has been 

described.23,24 It is quite likely that the original tumor in such cases was a well-

differentiated hepatocellular carcinoma, which subsequently recurred.9 Most studies 

examining hepatocellular carcinoma arising in an adenoma were done before the new 

classification of HCA was adopted by the WHO in 2010. Farges et al have studied a large 

cohort of these patients using the current immunohistochemical markers in accordance with 

the World Health Organization classification.2 However, a detailed analysis of the 

hepatocellular adenoma and hepatocellular carcinoma portions of the tumor using a 

combination of immunohistochemistry (including heat-shock protein 70) and cytogenetic 

analysis has not been reported.

Advanced age, male gender, use of anabolic steroids, metabolic syndrome, and large tumor 

size have been cited as risk factors for hepatocellular carcinoma transformation in an 

adenoma.2,8 In our study, one or more of these risk factors were present in most cases: 

majority of the patients were males and older than 50 years, while metabolic risk factors or 

use of anabolic steroids was present in nearly three-fourth of the cases. Based on the World 

Health Organization classification, the hepatocellular adenoma portion in two-thirds of cases 

showed features of inflammatory hepatocellular adenoma with or without β-catenin 
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activation. Farges et al reported similar results with features of inflammatory hepatocellular 

adenoma in 56% of cases in the adenoma portion.2

In our study, activation of β-catenin was observed in the hepatocellular adenoma-like 

portion in 55% of cases, which is similar to 64% reported by Farges et al.2 As observed in 

earlier studies, β-catenin-activated tumors in our series occurred predominantly in men and 

showed atypical morphological features. Even though these tumors are currently classified 

as β-catenin-activated adenomas as per the 2010 World Health Organization classification,3 

these are often associated with hepatocellular carcinoma at diagnosis or follow-up.4,7 As 

they often show cytogenetic changes similar to hepatocellular carcinoma, it has been 

proposed that these β-catenin-activated tumors represent extremely well-differentiated 

variants of hepatocellular carcinoma.10

Nuclear translocation of β-catenin leads to upregulation of glutamine synthetase, which 

manifests as strong and diffuse cytoplasmic expression. The concordance between nuclear β-

catenin staining and diffuse glutamine synthetase staining is high, but some tumors show 

diffuse and strong glutamine synthetase expression in the absence of nuclear β-catenin 

staining.10 In our study, this phenomenon was observed in HCA-like area in 33% of cases, 

which is similar to the 29–44% range reported in other series.2,25,26 The reason for the 

discrepancy between glutamine synthetase and β-catenin expression is not known; some of 

these cases show β-catenin mutation without nuclear β-catenin or may have mutations 

affecting other components of the Wnt-signaling pathway like AXIN1 and AXIN2.4,27,28

Glypican-3 is an oncofetal antigen that is expressed in 70–90% of hepatocellular 

carcinomas, but not in normal adult liver and hepatocellular adenoma.29–31 We did not 

observe glypican-3 expression in the hepatocellular adenoma or hepatocellular carcinoma 

portion in any case. As the sensitivity of glypican-3 is low in well-differentiated 

hepatocellular carcinoma,31 these results are not surprising.

Heat-shock protein 70 is an anti-apoptotic protein and its overexpression allows cell 

survival. In a study comparing gene expression between hepatocellular carcinoma and other 

hepatocellular nodules, heat-shock protein 70 was the most discriminatory gene.32 The 

utility of heat-shock protein 70 staining for the distinction of hepatocellular carcinoma from 

dysplastic nodules has been described.33,34 There is limited information about heat-shock 

protein 70 staining in hepatocellular adenoma, with numbers ranging from 0 to 13% in two 

studies.35,36 In our study, heat-shock protein 70 was expressed in the hepatocellular 

adenoma area in 40% of cases, further strengthening the argument that these areas may be 

extremely well-differentiated hepatocellular carcinoma.

Gains of part or the entire chromosome arm of 1q and 8q are the earliest and most common 

abnormalities in hepatocellular carcinoma.37–39 These abnormalities have not been reported 

in typical hepatocellular adenomas in young women,9,40 but can occur in adenoma-like 

tumors in men or older women.9 It has been proposed that these latter tumors represent well-

differentiated hepatocellular carcinoma. In the present study, gains of chromosome 1 and/or 

8 were observed in the hepatocellular adenoma-like area in 56% of cases and in 

hepatocellular carcinoma portion in 78% of cases.
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Our results show that atypical morphological features are often present in the HCA portion 

in tumors designated as hepatocellular carcinoma arising in hepatocellular adenoma. In the 

majority of cases, the hepatocellular adenoma-like portion also shows immunohistochemical 

(β-catenin activation or heat-shock protein 70 positivity) and cytogenetic abnormalities 

(gains of chromosomes 1 and 8) similar to hepatocellular carcinoma. This provides support 

to the argument that the hepatocellular adenoma-like portion represents an extremely well-

differentiated hepatocellular carcinoma in at least a subset of these cases. Although there is 

variability in the literature about the clinicopathologic associations of β-catenin activation in 

hepatocellular carcinoma, it has been correlated with older age,41 well-differentiated 

tumors,17,25,26 large size,26 and a good prognosis.17,26,41,42 It is understandable that such 

well-differentiated tumors that have often grown to a large size without overt features of 

hepatocellular carcinoma or aggressive behavior have been labeled as an adenoma. 

However, recurrence and metastasis have been associated with these tumors.9 Case reports 

of hepatocellular carcinoma recurrences at sites of hepatocellular adenoma may also 

represent recurrence of well-differentiated hepatocellular carcinomas that were diagnosed as 

hepatocellular adenoma.23,24 Experimental evidence in mouse models has shown that 

cooperation of Met and β-catenin activation leads to hepatocellular carcinoma, whereas 

cooperation of Met and defective signaling through the transcription factor HNF1a leads to 

hepatocellular adenoma.43 If the molecular mechanisms of hepatocellular adenoma and 

hepatocellular carcinoma pathogenesis are distinct as indicated by this experimental data, it 

appears less likely for hepatocellular adenoma to progress to hepatocellular carcinoma. It is 

more likely that in most such cases, the hepatocellular adenoma-like portion is an extremely 

well-differentiated hepatocellular carcinoma that has progressed to a morphologically overt 

hepatocellular carcinoma leading to an appearance of ‘hepatocellular carcinoma arising in an 

adenoma’. A similar argument was recently presented by Witjes et al based on their review 

of hepatocellular carcinoma in non-cirrhotic liver, where a transition zone from 

hepatocellular adenoma to hepatocellular carcinoma was not identified in any case.44

A group of international liver pathologists has recently proposed that tumors with histologic 

features of adenoma with atypical features should be categorized as well-differentiated 

hepatocellular neoplasm with uncertain malignant potential (HUMP).45,46 As per this 

proposal, tumors resembling adenomas in men, and women >50 years, focal atypical 

morphologic features (insufficient for an unequivocal diagnosis of hepatocellular 

carcinoma), β-catenin activation and glypican-3 positivity should be classified as 

hepatocellular neoplasm with uncertain malignant potential. In addition, hepatocellular 

neoplasm with uncertain malignant potential should also be considered for tumors with 

strong heat-shock protein 70 staining, gains of chromosome 1 and 8, and in unusual clinical 

settings such as glycogen storage disease and Fanconi anemia. Based on morphologic 

criteria alone, 64% of adenoma-like areas in this study would be classified as hepatocellular 

neoplasm with uncertain malignant potential, but 91% of cases would have been classified 

as hepatocellular neoplasm with uncertain malignant potential based on a combination of 

clinical, morphologic, immunohistochemical, and cytogenetic features. In the study by 

Farges et al, the adenoma-like area in at least 80% of cases would have been classified as 

hepatocellular neoplasm with uncertain malignant potential. As detailed 

immunohistochemical results are not available in most reports of hepatocellular carcinoma 
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in adenoma in the literature, it is difficult to estimate how many such tumors would have 

been classified as hepatocellular neoplasm with uncertain malignant potential. Although our 

results show that adenoma-like areas in cases with hepatocellular carcinoma in adenoma 

would fall under hepatocellular neoplasm with uncertain malignant potential category in an 

overwhelming number of cases, our data set is limited and do not rule out the possibility of 

hepatocellular carcinoma arising in conventional hepatocellular adenoma without atypical 

features.

In conclusion, the adenoma portion of tumors designated as hepatocellular carcinoma arising 

in adenoma often show focal morphological abnormalities, inflammatory features, β-catenin 

activation, heat-shock protein 70 expression, and gains of chromosomes 1 and/or 8. These 

findings indicate that the adenoma portion is likely to represent an extremely well-

differentiated variant of hepatocellular carcinoma, especially in men and older women. The 

morphologically recognizable hepatocellular carcinoma portion is likely to represent a 

relatively higher grade component of the tumor.
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Figure 1. 
Adenoma-like (right) and hepatocellular carcinoma (left) portions in a 52-year-old man (a, 

H&E, × 10). The adenoma-like portion showed inflammatory features and was positive for 

SAA (b, × 10). Both adenoma-like (c, × 10) and hepatocellular carcinoma portions (d, × 20) 

showed β-catenin activation as evidenced by diffuse glutamine synthetase staining; nuclear 

β-catenin was observed only in the HCC portion (e, × 20). FISH showed chromosome 1 

gains in both adenoma-like (f, × 100) and hepatocellular carcinoma portions (g, × 100).
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Figure 2. 
Adenoma-like (a, H&E, × 20) and hepatocellular carcinoma portion (b, H&E, × 20) in a 

tumor in a 33-year-old male. There was β-catenin activation evidenced by diffuse glutamine 

synthetase staining in both adenoma-like (c, × 20) and hepatocellular carcinoma portions (d, 

× 20). The glutamine synthetase staining was stronger in the hepatocellular carcinoma 

portion. There were no chromosomal gains.
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Figure 3. 
Adenoma-like (a, H&E, × 20) and hepatocellular carcinoma (b, H&E, × 20) portions of a 

tumor in a 61-year-old male. Both portions showed β-catenin activation evidenced by 

diffuse glutamine synthetase staining (c, HCC, × 10) and patchy nuclear β-catenin staining 

(d, adenoma-like, × 20). Patchy heat-shock protein 70 staining (e, adenoma-like, × 20) and 

chromosome 8 gain (f, HCC, × 100) were observed in both portions.
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Figure 4. 
Adenoma-like (a, H&E, × 20) and HCC portions (b, H&E, × 20) of a tumor in a 63-year-old 

male. Both portions were serum amyloid A-positive (c, adenoma-like, × 20) and showed 

chromosome 8 gain (d, hepatocellular carcinoma, × 100). There was no β-catenin activation.
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Table 1

Details of antibodies used for immunohistochemistry

Antibody Clone Source Dilution

β-Catenin 14 BD Biosciences, San Jose, CA, USA 1:200

Glutamine synthetase Mab302 Chemicon/Millipore, Billierica, MA, USA 1:250

Serum amyloid A mc1 Dako, Carpinteria, CA, USA 1:50

Glypican-3 1G12 BioMosaics, Burlington, VT, USA 5 μg/ml

Heat-shock protein 70 SC-24 Santa Cruz Biotechnology, Santa Cruz, CA, USA 1:200
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Table 2

FISH results in normal liver and in tumors

Mean
Standard

deviation (s.d.)
FISH criteria for

abnormala (>mean+2 s.d.)

Mean CEP1 signals per cell 1.92 0.12 42.16

Mean number of cells/100 cells with ≥3 CEP1 signals 13.25 3.37 417

Mean CEP 8 signals per cell 1.94 0.12 42.18

Mean number of cells/100 cells with ≥3 CEP8 signals 10.50 3.74 ≥18

Mean MYC signals per cell 1.91 0.14 ≥2.21

Mean number of cells/100 cells with ≥3 MYC signals 11.50 3.66 ≥19

The mean normal counts were determined based on 11 counts of 50 cells each in normal hepatocyte nuclei. The upper limit of normal was 
established for average signal counts per tumor cell as well as number of cells with three or more signals per 100 tumor cells.

a
All abnormal cases in the study had mean signal count of at least 2.4 (or higher), or ≥28 cells per 100 tumor cells with three or more signal counts.
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Table 3

Clinical, immunohistochemical, and cytogenetic features of 11 cases of hepatocellular carcinoma arising in 

adenoma

Age (years)/gender
Non-neoplastic
liver

Tumor
size (cm)

Atypia in
HCA area

β-Catenin
HCA HCC

GS HCA
HCC

SAA HCA
HCC

HSP70 HCA
HCC

FISH HCA
HCC

29/F NA 30 Absent N P N P P N N N P P

75/M Normal 10 Present N N P P P P N N N P

63/M Steatohepatitis 7 Absent N N N N P P N N P P

52/M Normal 19 Present N P P P P N N P P P

60/M Steatosis 8 Absent N N N N P P N N N N

62/M Steatohepatitis 11 Present P P P P N N P P P P

57/F Steatosis 15 Present N N N P N N P P N P

35/M Steatosis 7 Present P P P P N N ND ND P P

33/M NA NA Present P P P P P P N P N N

65/F Normal 30 Present P P P P P N P P ND ND

30/F NA 8 Absent N N N N N N P P ND ND

Abbreviations: NA, not available; ND, not done; β-catenin: P, nuclear staining, N, all other patterns; GS (glutamine synthetase): P, diffuse staining, 
N, all other patterns; SAA (serum amyloid A) and HSP70 (heat-shock protein 70): P, positive, N, negative; fluorescence in situ hybridization 
(FISH): P, gains of chromosomes 1, 8, and/or MYC, N-all other results.

Mod Pathol. Author manuscript; available in PMC 2016 March 22.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kakar et al. Page 18

Table 4

Immunohistochemical and cytogenetic results in hepa-tocellular adenoma and hepatocellular carcinoma 

portions of the tumor

Hepatocellular
adenoma area

Hepatocellular
carcinoma area

Nuclear β-catenin 4 (36) 6 (55)

Diffuse GS staining 6 (55) 8 (73)

SAA positive 7 (64) 4 (36)

GPC positive 0 0

HSP70 positivea 4 (40) 6 (60)

Chromosomal
abnormalities by FISHa

5 (56) 7 (78)

Abbreviations: GS: glutamine synthetase; GPC: GLypican-3; HSP70: heat-shock protein; FISH: fluorescence in situ hybridization; SAA: serum 
amyloid associated protein.

Numbers in parenthesis reflect percentages.

a
HSP70 staining information was available in 10 cases; FISH was done in 9 cases.
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